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SPECIFICATION 

[TITLE OF THE INVENTION]. Actuator 

[ABSTRACT] . 

[Object] An object of the present invention is to provide, 
in a flexible actuator having a movable portion at its tip, 
a medical actuator wherein an improvement in safety and 
reliability has been realized by circumventing an 
inconvenience in external leakage of a pressure fluid sent to 
pressure chambers provided in the movable portion due to a. 
rupture of a wall surface of the pressure chambers or- a leak 
through a pinhole. 
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[Solution means] A discharging space 6 is formed by enclosing 
a flexible actuator 2 attached to the tip of a catheter 1 by 
a tube 5 having stretchability . ■ If pressure fluid leaks into 
this space, leakage of the pressure fluid is detected by leading 
the same to a leak detection device 7 through a discharge tube 
8. When a leak is detected, pressurization is stopped to 
prevent leakage of the pressure fluid into a human body 
beforehand. 
[WHAT IS CLAIMED IS;] 

[Claim 1] An actuator the inside of whose tubular elastic body 
is separated into a plurality of pressure chambers by a 
partition portion extended in the axial direction and which 
displaces and actuates said tubular elastic body in an 
arbitrary direction by variably controlling pressures of these 
respective pressure chambers by a pressure fluid, wherein 

the circumference of said tubular elastic body is covered 
with a tube having stretchability for hermetic sealing. 
[Claim 2] An actuator the inside of whose tubular elastic body 
is separated into a plurality of pressure chambers by a 
partition portion extended in the axial direction and which 
displaces and- actuates said tubular elastic body in an 
arbitrary direction by variably controlling pressures of these 
respective pressure chambers by a pressure fluid, wherein 
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a tube having stretchability, for covering the 
circumference of said tubular elastic body to hermetically seal 
the tubular elastic body and a leak detection means for 
detecting leakage of the pressure fluid from said tubular 
elastic body are provided. . 

[Claim 3] The actuator as set forth in Claim 2, wherein 

a tube provided between the outer circumferential surface 
of the tubular elastic body and tube, for externally leading 
out pressure fluid leaked from the tubular elastic body and 
a detection device connected to this tube, for detecting 
leakage of the pressure fluid are provided. 
[Claim 4] An actuator the inside of whose tubular elastic body 
is separated into a plurality , of pressure chambers by .a 
partition portion extended in the axial direction and which 
displaces and actuates said • tubular elastic body in an 
arbitrary direction by variably controlling pressures of these 
respective pressure chambers by a pressure fluid, wherein 

a plurality of pressure fluid supply tubes independently 
provided for said pressure chambers, respectively, at a base 
end portion of said tubular elastic body and a pressure fluid 
adjusting means for independently supplying and controlling 
the pressure fluid for said pressure chambers, respectively, 
via these supply tubes are provided, and 
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a fluid filled inside between said supply tubes and said 
pressure fluid adjusting means is sealed for' each system of 
said supply tubes, respectively. 

[Claim 5] The actuator as set forth in Claim 4, wherein 

said compression chambers and pressure chambers are formed 
as tubular elastic bodies formed of an anisotropic elastic 
material and have a structure to deform in an externally applied 
stress direction. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] The present invention relates to an 
actuator having a movable portion at its tip, which is 
preferably utilized in a shift . guiding mechanism portion, a 
soft-touch driving mechanism portion and the like in a 
meandering canaliculus, .etc., and which utilizes a modulus 
deformation due to a fluid pressure energy. In addition, the 
present invention relates to a medical actuator wherein an 
improvement in safety and reliability has been realized by 
circumventing an inconvenience in external leakage of a fluid 
for adjusting an operating pressure. 
[0002] 

[Prior Arts] Priorly, in order to collect and analyze bile 
secreted from a duodenum, a thin catheter called a sonde is 
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inserted orally or through a nostril, passed through the 
stomach, and lead to a duodenum, however, since the thin 
catheter has no movability at its tip, a smooth insertion into 
the canaliculus is extremely difficult even for a skilled 
medical practitioner, and normally, thirty minutes to one hour 
is required to complete an insertion. 

[0003] When an endoscope is used, since movability of its tip 
is satisfactory, it can be easily inserted into a duodenum, 
however, its outward form is approximately 10mm, therefore, 
the burden on a patient is great in a prolonged examination. ; 
[0004] As a method for solving these problems, provided is a 
medical actuator having a movable portion called a flexible 
actuator at its tip, and a small diameter, with excellent 
operationality. In this medical actuator, when operating the 
movable portion, since* fluid is pressurized and sent to a 
plurality of pressure chambers provided in the movable portion, 
there contained is a potential hazard such that the fluid of 
the pressure chambers leaks out into a body due to wear damage 
to a wall surface of the pressure chambers, a break, a rupture, 
or a leak through a pinhole. 

[0005] In addition, in recent years, actuators to carry out 
an investigation, inspection or the like of a narrow portion 
having, a large number of gas tubes and curved surfaces and. 
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moreover, rubber-like actuators, etc. , to operate by utilizing 
a pressure difference in a fluid, such as endoscopes have been 
variously developed. 

[0006] In these actuators, a joystick or valve is utilized to 
obtain a pressure difference in a fluid. A joystick drives 
a piston attached to an end portion of a manual lever to 
pressurize or depressurize a fluid inside a cylinder. A valve 
can obtain a. pressure difference by passing/blocking a fluid 
compressed by a compressor. 

[0007] The joystick and valve are, since a sliding portion 
exists between the piston and cylinder, provided with various 
seals so as to prevent a working fluid from leaking outside. 
However, even if these seals are equipped, it is difficult to ^ 
completely prevent the working fluid from leakage, and moreover, 
the life-spans of the seals are relatively short and prolonged 
use causes wear, therefore, in order to carry out a smooth 
operation and accurate positioning, a high level of maintenance 
becomes necessary- in addition, because of a mechanical 
complexity and the large number of components, problems have 
also existed in the aspects of manufacturing costs ' and 
reliability. 
[0008] 

[Themes to be Solved by the Invention] As described above, in 
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the conventional medical actuator, when operating the movable 
portion, since a fluid is pressurized and sent to a plurality 
of pressure chambers provided in the movable portion, there 
contained is a potential hazard such that a fluid of the 
pressure chambers leaks out into a body due to wear damage to 
a wall surface of the pressure chambers, a break, a rupture, 
or a leak through a pinhole. 

[0009] In addition, in the conventional rubber-like actuators 
to operate by utilizing a pressure, difference in a fluid, since 
a joystick and/or valve is used and a sliding portion exists 
between the piston and cylinder, these are provided with 
various seals so as to prevent a working fluid from leaking 
outside. However, even if these seals are equipped, it is 
difficult to completely prevent the working fluid from leakage, 
and moreover, the life-spans of the seals are relatively short 
and a prolonged use causes wear, therefore, in order to carry 
out a smooth operation and accurate positioning, a high level 
of maintenance becomes necessary. In addition, because of a 
mechanical complexity and the large number of components, 
problems have also existed in the aspects of manufacturing 
costs and reliability* 

[0010] The present invention has been made in. view of the 
above-described circumstances, and an object thereof is to 
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provide, in a flexible actuator having a movable portion at 
its tip, the inside of whose tubular elastic body is separated 
into a plurality of pressure chambers by a partition portion 
extended in the axial direction and which displaces and 
actuates" a tip portion of the tubular elastic body in an 
arbitrary direction by variably controlling pressures of these 
respective pressure chambers by a pressure fluid, a medical 
actuator wherein an improvement in safety and reliability has 
been realized by circumventing an inconvenience in external 
leakage of a pressure fluid sent to the pressure chambers 
provided in the movable portion due to a rupture of a wall 
surface of the pressure chambers or a leak through a pinhole . 
[0011] In addition, an object of the present Invention is to. 
provide an actuator wherein a fluid control mechanism has been 
simplified by eliminating a joystick, valve or the like from 
the fluid control mechanism and an improvement in safety and 
reliability has been realized by securely preventing a working 
fluid from leakage - 
[0012] 

[Means for Solving Themes] The present invention provides an 
actuator the inside of whose tubular elastic body is separated 
into a plurality of pressure chambers by a partition portion 
extended in the axial direction and which displaces and 
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actuates the tubular elastic body in an arbitrary direction 
by variably controlling pressures of these respective pressure 
chambers by a pressure fluid, and is characterized in that the 
circumference of the tubular elastic body, is covered with a 
tube having stretchability for hermetic sealing. 
[0013] Moreover, the present invention provides an actuator 
the inside of whose tubular elastic body is separated into a 
plurality of pressure chambers by a partition portion extended 
in the axial direction and which displaces and actuates the 
tubular elastic body in an arbitrary direction by variably 
controlling pressures of these respective pressure chambers 
by a pressure fluid, and is characterized in that a tube having 
stretchability, for covering the circumference of the tubular 
elastic body to hermetically seal the tubular elastic body and 
a leak detection means for detecting leakage of the pressure 
fluid from the tubular elastic body are provided. 
[0014] Namely, an actuator of the present invention is 
characterized in that a movable portion at its tip is composed 
of a tubular elastic acting body separated into a plurality 
of pressure chambers by a partition, and in a manner surrounding 
the whole circumferential surface of this tubular elastic 
acting body en bloc, the tubular elastic acting body is covered 
with a tube having stretchability so that the risk' of external 
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leakage of a pressure. fluid leaked from the tubular elastic 
acting body can be eliminated and a discharging space for a 
leaked pressure fluid can be formed in the tube. In addition, 
the present invention is characterized in having a device for 
detecting a leaked-out fluid. 

[0015] Moreover, the present invention provides an actuator 
the inside of whose tubular elastic body is separated into a 
plurality of pressure chambers by a partition portion extended 
in the axial direction and which displaces and actuates the 
tubular elastic body in an arbitrary direction by variably 
controlling pressures of these respective pressure chambers 
by a pressure fluid, wherein a plurality of pressure fluid 
supply tubes independently provided for the pressure chambers, 
respectively, at a base end portion of the' tubular elastic body 
and a pressure fluid adjusting means for independently 
supplying and controlling the pressure fluid for the pressure 
chambers, respectively, via these supply tubes are provided, 
and a fluid filled inside between the supply tubes and the 
pressure fluid adjusting means is sealed for each system of 
the supply tubes, respectively. 

[0016] Namely, in an actuator, formed of a tubular elastic body 
whose inside is separated.into a plurality of pressure chambers 
by a partition extended in the axial direction, having an 
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elastic acting body which operates by adjusting respective 
pressures of the pressure chambers, the present invention is 
characterized in that the pressure chambers in the elastic 
acting body, supply tubes to lead a pressurized fluid to the 
pressure chambers, and compression chambers to pressurize a 
fluid are provided with a sealing structure to isolate the fluid 
from the outside. In addition, the present invention is 
characterized in that, similar to the pressure chambers in the 
elastic acting body, the compression chambers are formed as 
a tubular elastic body of an anisotropic elastic material and 
have a structure to deform in an externally applied stress 
direction. 
[0017] 

[Preferred Embodiment] Hereinafter, embodiments of' the 
present invention will be described in detail .with reference 
to the following drawings. First, a first embodiment of the 
present invention will be described. In the. first embodiment 
of the present invention, a flexible actuator having a movable 
portion at its tip is constructed in a manner having inside 
a plurality of pressure chambers adjacent and united to each 
other. . Since these pressure chambers have flexibility in the 
longitudinal direction and are structured to hardly stretch 
in the diametrical direction, these are stretched in only the 
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longitudinal direction by application of pressure through a 
pressuring tube connected thereto. Herein^ when different 
pressures are applied to the pressure chambers united in a 
transverse direction, although a pressure chamber to which a 
higher pressure has been applied intends to stretch, a pressure 
chamber in a lower pressure- condition is not deformed. 
Consequently / the flexible actuator is bent toward a pressure 
chamber which does not stretch similarly to a bimorph. In the 
flexible actuator of a fixed length, a bending angle is 
determined based, on a pressure difference between the pressure 
chambers. 

[0018] In the embodiment of the present invention, the outside 
of the above-described flexible actuator is sealed by a tube 
having stretchability in a manner enclosing the whole. In 
addition, to a discharging space formed between this tube and 
outer circumferential portion of the flexible actuator, a 
discharge tube to lead out a fluid leaked put of the pressure 
chamber (s) is connected. Furthermore, via the discharge tube, 
a detection device to detect a fluid leak is provided. When 
a fluid leak is detected by this leak detection device, 
pressurization of the fluid is stopped and an alarm is raised 
to inform an operator so that an appropriate measure can be 
swiftly carried out, such that, for example, for medical use. 
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extracting a catheter provided with this actuator from a body. 
[0019] Moreover, operations of a flexible actuator as a tubular 
elastic acting body have been described in detail in Japanese 
Patent Application No. Hei-1-247809 . Fig. lis an exploded 
perspective view showing a construction of the first embodiment 
of the present invention. Herein, a medical actuator. is cited 
as an example. 

[0020] To a tip of a thin catheter 1 (a diameter of 3mm, for 
example), a flexible actuator 2 is attached, and this is used 
as a guide during an insertion into a body. In this embodiment, 
shown is a case where the flexible actuator is constructed in 
a manner having three pressure chambers 10a, 10b, and 10c. 
[0021] To these three respective pressure chamber 10a, 10b, 
and 10c, pressurizing tubes 3a, 3b, and 3c .to lead a 
pressurizing fluid are connected, respectively, and as 
described above, by adjusting pressure's applied to the three 
pressurizing tubes by a pressure device 4, the tip of the 
flexible actuator 2 can be curved to an arbitrary direction. 
[0022] The flexible actuator 2 according to this -embodiment 
encloses the whole of the above-described three respective 
pressure chambers 10a, 10b, . and 10c by a tube 5 having, 
stretchability. 

[0023] Then, to a discharging space 6 formed between the outer 
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circumferential surface of the above-described three 
respective pressure :chambers 10a, 10b, and 10c and tube .5, a 
.discharge tube 8 is connected, and this leads a fluid leaked 
from all or a part of the pressure chambers 10a, 10b, and lOc 
to a leak detection device 7. . 

[0024] An A-A' section of Fig. 1 at this time is shown in Fig. 
2. Herein, the discharging space 6 is illustrated as a space 
having a section area between the tube 5 and outer wall of the 
flexible actuator 2, however, in actuality, the tube 5 and the 
outer wall of the flexible actuator 2 are approximately closely 
fitted, and normally, a space does not exist. If the outer 
wall of the flexible actuator 2 ruptures or produces a pinhole 
. or the like for some reason or another and leakage of a pressure 
fluid occurs, the inside pressure fluid leaks out while 
spreading out by pressing the discharging space 6. In contrast 
thereto, by a contractive force of the tube 5, the leaked 
pressure fluid is lead to the discharge tube 8 and is discharged 
from the discharging space 6. Therefore, even if a-f luid leaks 
from all or a part of the pressure chambers 10a, 10b, and 10c, 
this pressure fluid does not leak out into a body and safety 
is secured. 

[0025] A constructional example of the above-described leak 
^detection device 7 is shown in Fig. 3. In the leak detection 
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device 1 , pressure is monitored by a pressure monitoring device 
21 at all times. When a pressure fluid leaks out and pressure 
of the discharge tube 8 rises and becomes a set pressure or 
more, a pressurization stop signal is outputted from a control 
portion 22 to the pressure device 4 to limit the pressure fluid 
leakage to a minimum so as to prevent the tube 5 from breaking. 
• Furthermore, by raising an alarm such as an alarm sound, an 
alarm lamp, etc., the catheter 1 provided at the tip of- the 
flexible actuator 2 is swiftly extracted by an operator from 
a body, whereby time for which the defective actuator is placed 
inside the human body is shortened, and safety is secured. 
[0026] Not only by a method as a result of pressure monitoring, 
the leak detection device 7 can similarly detect a leak by 
monitoring a flow rate. Or, by providing,, in the respective 
pressure chambers 10a, 10b, and 10c, for example, an extra-fine 
balloon as a pressure sensor and comparing a presumed pressure 
determined from a flow rate, of the pressure fluid with a 
detected pressure by the pressure sensor, a leak can also be 
detected. 

[0027] A modification of the second embodiment is shown in Fig. 
4. Herein, a sectional view by a section similar to Fig. 2 
is shown. In a constructional example shown in this Fig. 4, 
as well, similar to the embodiment as shown in Fig. 2, a flexible 
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actuator is constructed with three pressure chambers 10a, 10b, 
and 10c. Herein, elastic acting bodies to form these three 
pressure chambers 10a, 10b, and 10c are respectively 
independently constructed. Other aspects of the construction 
are identical to those of the embodiment shown in Fig. 1 and 
Fig. 2. 

[0028] In the construction as shown in Fig. 4, a gap 31 between 
mutual lateral walls of the pressure chambers is illustrated 
as a space, however, since, the respective, pressure chambier 
walls are approximately closely fitted, a space does not 
normally exist, but the walls are mutually united at important, 
positions (at fixed intervals in the longitudinal direction, 
for example) . ' 

[0029] Herein, at a part where the pressure chambers 10a and 
10b are in contact, if a rupture or a pinhole occurs in the 
wall of 10a,. pressure.fluid leaks out through the gap 31 between 
the pressure chambers into the discharging space 6 formed by 
the tube 5. Thereafter, leakage is detected in a manner 
similar to the above-^described embodiment as shown in Fig. 1 
and Fig. 2. By this embodiment, leakage of a pressure fluid 
from one pressure chamber to another pressure chamber, which 
may occur in a case where, for example, a three-chamber flexible 
actuator has been integrally molded, can also be detected 
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beforehand. 

[0030] By employing a flexible actuator of such a construction 
as described above, a medical actuator to be injserted in a human 
body can be provided with higher safety. Next, a second 
embodiment of the present invention will be described. 
[0031] The second embodiment of the present invention is, in 
a flexible actuator which is formed of a tubular elastic body 
whose inside is separated into a plurality of pressure chambers 
,by a partition extended in the axial direction and which 
comprises: elastic acting bodies which operate by adjusting 
respective pressures of the pressure 'chambers; supply tubes 
connected to end portions of the respective tubular .elastic 
bodies and supply a fluid to apply pressure to the respective 
tubular elastic bodies; and a means for pressurizing adjustment 
of respective pressures of the pressure chambers so as to 
operate the respective tubular elastic bodies with a multiple 
degree of freedom, characterized in that a fluid filled inside 
between the supply tubes and the means for pressurizing 
adjustment is sealed for each system of the supply tubes, 
respectively. Moreover, the tubular elastic body whose inside 
is separated into a plurality of "pressure chambers by a 
partition extended in the axial direction is herein referred 
to as an FMA (Flexible Micro Actuator) . 
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[0032] Fig. 5 is a perspective view showing a construction of 
an actuator according to the second embodiment of the present 
invention. Herein, a construction wherein a pressure chamber 
installed inside an FMA 51 is provided as a pair is exemplified, 
however, for example, as shown in Fig. 2, the pressure chambers 
may be composed of three or a plurality of chambers more than 
the . same . ' " 

[0033] In the FMA 51 of an actuator, to a base end portion 53, 
one-side ends of supply tubes 54a and 54b to supply a fluid, 
are fitted by insertion ^and fixed. The other-side ends of the 
supply tubes 54a and 54b are fitted by insertion and fixed to 
a pressurizer 55, which is a means for pressurizing adjustment . 
of the -above fluid. 

[0034] A pressure chamber 52a provided inside the FMA 51 is 
connected to the supply tube 54a. Also, a pressure chamber 
52b installed inside the FMA 51 is connected to the supply tube 
54b. 

[0035] A partition 57 is provided between the pressure chambers 
52a and 52b installed inside the FMA 51. This partition 57 
has, in the up-and-down direction of the drawing, a flexible 
structure for which the same easily curves and has, in the 
horizontal direction of the drawing, a rigid structure for 
which the same hardly curves. 
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[0036] In addition, a partition 59 is also provided between 
compression chambers 56a and 56b installed inside the 
pressurizer 55. This partition 59 has, in the up-and-down 
direction of the drawing, a flexible. structure for which the 
same easily curves and has, in the horizontal direction of the 
drawing, a rigid structure for which the same hardly curves. 
[0037] The supply tubes 54a and 54b use a material which 
produces a much smaller stretching amount as a result of the 
pressure of a fluid filled inside than a stretching amount of 
the FMA 51. In Fig. 9, for ease of explanation of an operation, 
the supply tubes 54a and 54b are provided with a point 58 where- 
the same are intersected at 180° midway. 

[0038] In Fig. 6, when the pressurizer 55 is curved upward A 
as Illustrated by an external stress, for example, by hand, 
the pressure chamber 56a is compressed and its internal volume 
is contracted, and a fluid charged in the pressure chamber 56a 
is pressurized to pressurize the pressure chamber 52a via the 
supply tube 54a, whereby the FMA 51 is curved in an illustrated 
upward direction A' as shown in Fig. 7. 

[0039] On the other hand, the pressure changer 56b is elongated, 
and to a fluid filled inside, a negative pressure is applied 
compared to its initial state to reduce the pressure in the 
pressure chamber 52b via the supply tube 54b. Thereby, the 
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FMA 51 acts so as to curve in an illustrated upward direction 
A'- as shown in Fig. 7. 

[0040] Herein, the used fluid, when a material producing a small 
change in volume due to an externally applied stress is used, 
curves the pressurizer 55, and a changed volume in the 
compression chambers 56a and 56b is equal to an amount of change 
in the pressure chambers 52a and 52b, therefore, by 
appropriately setting sectional areas and lengths of the 
compression chambers 56a and 56b and pressure chambers 52a and 
52b, the amount of change in the pressurizer 55 and FMA 51 can 
be adjusted. 

[0041] Next, referring to Fig. 8, another embodiment of a means 
to pressurize a fluid filled in a compression chamber will be 
described. Similar to. the above-described embodiments, to a 
base end portion 53 of an FMA 51, end portions of supply tubes 
54a and 54b are fitted by insertion and fixedly, fitted . The 
other ends of the , supply tubes 54b and 54a are fitted by 
insertion and fixedly fitted to compression chambers 60a and 
60b. 

[0042] In Fig. 9, a detailed view, of the compression, chamber 
60a is shown, and an A-A auxiliary view- of Fig. 9 is shown in 
Fig. 10. A side wall 61 of the compresision chamber 60a and 
a partition -63 to which the supply tube 54 is fixedly fitted 
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by insertion have such a strength as not to be stretched or 
deformed against a pressure change in a fluid filled inside. 
On the other hand, a partition 62a of the compression chamber 
60a is of a flexible material or structure having a sufficient 
strength, response, and resilience without breaking against 
an external stress C. 

[0043] A construction as shown in Fig. 8 is such that, by 
actuating a solenoid 65, a plunger 64 is shifted in a direction 
C by an electromagnetic force thereof so as to provide the 
partition 62 with a predetermined pressing force. A power 
supply 67 to actuate the solenoid 65 is supplied to the solenoid 
65 via a switch 66. 

[0044] The solenoid 65 produces an electromagnetic force upon 
turning, on of the switch 66 and shifts the plunger 64 in the 
direction C, and returns to its original home position as a 
result of an effect of a coil spring (unillustrated) upon 
.turning off of the switch 66, Accordingly, a fluid filled in 
^ the compression chamber 60a is selectively pressurized by 
turning on and off the switch 66. 

[0045] Herein, by turning on and. off the switch 66, 
pressurization values are provided as two values, however, it 
is also possible to use a driving means which can continuously 
change the pressing force in place of the solenoid and plunger. 
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For example, a magnet may be used in the above plunger so that 
a continuous current is supplied to the solenoid. In addition, 
as a method to be manually carried out, as shown in Fig. 11, 
it is possible to move a joystick lever 68 and press the 
partitions 62a and 62b of the compression chambers 60a and 60b 
by pressing surfaces 70a and 70b via a fulcrum 69. 
[004 6] By employing such a construction wherein a pressure 
fluid is hermetically filled into each pressure chamber of a' 
tubular elastic body, a flexible microactuator can be driven 
without having a movable portion of a mechanism through which - 
a fluid can leak outside, a seal and the like, and accordingly, 
a great improvement in -reliability can be realized. In 
addition, the construction can be simplified, stable 
operations with fewer malfunctions can be maintained, for a 
prolonged period of time, and a low-priced and compact 
construction can be realized. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig-. 1] An exploded perspective view showing a construction 
of an actuator according to a first embodiment of the present 
invention. 

[Fig.. 2] A sectional view along a line A-A' of Fig. 1. 
[Fig. 3] A block diagram showing a construction of a leak 
detection device in the above-described first embodiment. 
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[Fig. 4] A sectional view showing, in contrast to Fig. 2, 
a modification of the first embodiment of the present 
invention. 

[Fig. 5] A perspective view showing a construction of an 
actuator according to a second embodiment . of the present 
invention. 

[Fig. 6] An operation explanatory view of a pressurizer of 
the above-described second embodiment. 

[Fig. 7] An operation' explanatory view of an FMA of the 
above-described second embodiment . 

[Fig. 8] A perspective view showing a construction by a first 
modification according to the above-described second 
embodiment, 

[Fig- 9] An operation explanatory view of the pressurizer 
of Fig. 8. 

[Fig. 10] A sectional view along a line-A-A of Fig. 9. 

[Fig. 11] A perspective view showing a construction by a 
first modification of said second embodiment 
[Description of Symbols] 

1 ... Catheter 

2 ... Flexible actuator 

5 ... Tube 

6 ... Discharging space 
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7 ... Leak detection device 

8 ... Discharge tube 

21 ... Pressure monitoring device 

22 ... Control portion 

51 ... FMA (tubular elastic body; flexible micro actuator) 

52 (52a, 52b) ... Pressure chamber installed inside an Fl^ 

53 ... Base end portion of an FMA 

54 (54a, 54b) ... Supply tube 

55 ... Pressurizer 

56 (56a, 56b) ... Compression chamber installed inside a 
pressurizer 

57 ... Partition between two pressure chambers installed 
inside an FMA 

58 ... Point where supply tubes are intersected 

59 ... Partition between two compression chambers installed 
inside a pressurizer 

60 (.60a, 60b) ... Compression chamber 

61 ... Side wall of a compression chamber 

62 ... Partition of a compression chamber 

63 ... Partition of a compression chamber to which a supply 
tube is fixedly fitted by insertion 

64 ... Plunger 

65 ... Solenoid 
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66 ... Switch 

67 ... Power source 

68 ... Joystick lever 

69 ... Joystick lever fulcrum 

70 ... Joystick pressing surface 
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Fig.10 
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VAT c V vimimMthw^ 1 ~4 ov»-ffL*»tciea 

[ooon 

[0002]' 

-fe >J i^]*^'£.W^XX'h i. . ' -?-0=5r*>T' t fS-^S 
[ 0 0 0 3 ] IP^ Lfc¥®|5|±Srg?-&-r J: ^ 5:^^^ 

s^l!gSi5^^S:M■c^J^f»s*•r SigS3&«* •? , -eloign-? 
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■thirmx'^i,. Lt^Lzcouma. ist^iz^^i^. 
■r?>ox'^fdmm±iz^smi^i) s . 

[0004] 

iSLnzm tx smzm-^-ti z t immm:^j:m^:m 

t:^-t^ZtX'S>l. 

[0005] . . ' 

[0006] 1 . :s.\^zn^'<-^&&<7>m-^mtizc 

2. *«s^a^i:i&!t%i*<Mo (CO) 6 •r'*«.±ieiiBa 

3. CVD&*^CVDa-Cli)*JiEia^»2ie«tf5 
- 4 .• CVD^**j!kCV'DifeT3!>&'JbiBl *7t<42i2ac7) 

5 . < 1 1 ^fflBf SrJ^ai L ^vT^Sicfc V C V D 

7. 36CVDS*t, aBRS^httU— f**fflV%yit<OT 
^)S±i^l, 2, 3. 5*fd46SStt<D»^3rffi. 
[0007] 

fti: tTfflV^<i,nTV^^tCVDa*<. g^:^r&i: LT, 
tJV^-Cli, a5q°o(^-&BlflHlH»fCCVDa?rfflV>T^« 

cio. g•&^iElf*^ai<a/J^^:^efT•^)o•ct,. j)Sv^ 
mzm'^-thztmmt^j:h. tt:. m-^mii^^^ 

mmm:m^izx-^x^j:inhi}<. ^i^i,:^^-/\^^-m 
t Lxu—f^. nizmm^mi'-ft/t^m\'^hzt 
izX'yx^mmmx'mn^^iztij^mii^j:^. z 
m-m'wim:ffxx'h.i>^m&s,it^mm^izt& 



[0008] 

[0010] *»*»&aSx;t.;Udf-t LTJi, CVD^ 
,^^atf05tx;^vU=3f-S-M-^-f S i t § !> . •? 

u— rjts-ai^i L^li. i^-if iiat lt{±. ^yvv^ 
I. 

[0011] Rjex;t./pd?-S-M-^-tl>)aMtc3i>oT 

MitLfz^±^it-^<^m^^izi^m'^u&i:mx 
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m^x'^m^itiztizx'o'i^^ti^. zcoi§^, UM. 

ffit>!»{cSijEB«i^rV^*<. mtliO . 1~1 0 0 OmTo 
r r. #tCl — 1 OOmTor rA^ifiLV^. 

[0012] ±MiLtzmsm.^f^iziHfi>^oi,z. m-tm 

-1 ox:.^tco^ — 5'cm&(oi&w^t ixti<t. 
^s^^mxKmm^ithzti/^x'^i. -eoaiji. 
^■^mmmm<r>mm^zmh^^mt■^<7>ms^ii^. 
mmm±x-(omMss,<^^i^mwm^^^j:t'i,zx <om 

i^mijmi. QM.ffy^Thr,xx<. muicvDm 
i:^mthtz»x7>^mp^^^:iss&i.zim-rh-jjm 
^'^mm.wm-rdi'f^mwmi.z^^i,zim-ti>:}Tmm 

[0013] mmffimm^mt-^mt ltu, c vd^ 

lfifSB»aomiBS7Cig. l^aclttt<0«±S7C*. H 
3B®7cS, m4A~||7AS7c«> #8, b*;^-7 

V^, tfSiCff Mo (CO) 6 . Cr (CO) s 'Srt'*^'^ 
^1^;*;^;^<x;^ft^, Pt {HFA)j^ Pt (Ac 
Ac ) 2 , Au (CHa ) j (C5 H7 O ) ^irt'T'J) 

s. c:ix^o-5t>Mo (CO) 6 ^imr<JiS:3u 

[0014] 

^Wl 

I. . i -:. T J^ieiSgWOf*BI*«l8ilS]Oi& 

^<r>i:oi^^mL. ^y—'r)ViUmzmil&-^^h'lt 

tfix:%h. nm^zm^x. AtsESfflco;*-?"— f^u. i 
mm,i,zi: '^xm^-nmz'wmth ^ ivj^<^mmm. 

V ^TIlISSii.2.gEg!:LX 7>T'J) a . ^m:J-x fi 
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Mtrfe V %T , ±Mi<^sco o h<mmmmi i 

1 5-C(=t5V^TKSg<^*?rll§lEE*«j3 OmTo r r 
<0Mo (CO)6 mtL7t:»S5iS5+tciSilL, *>o 

i!)<-5'CX\ SSi^A«2 38nm. V-ifyN'V-**? mW 

uu—f^?sMLt:mi>zt5\.^x. m-^^titzmmmu 

I6I{C*!;2 0 0mhl<7mmt:miX tgfi&StihW'l-ixl.C: 
[00 1 5] IISfe«»J2 

^ms&mx'ii. ^7—7'Mzmco^mibimi:n^-r 
s>b^<om±xi,ztsv^x, 2ftjsHjs-Bffl-ri.«^<om 
^■r . 0 2 «i , c^mLmcommmx'S} h . 

■r/l'W^H{=3*<^««'9ffl'7'f-W 

t6tt4.ti:, ::<032|s:coMffi'5«V'f-\'S:Sf^ffl!lA^4.iE^ 

«SmS:*iiM^fflS*»<^.JRfflS-ti-& i i: oT V-Y -^Ji^l 

■:,^(>ix^mmkLrzt<r>x'hh. mmi,zifim-^-rm 
mi^m-^mx'h s . iMSMmm i x-jiB t Mit 

±x'^-^Ltimx'h?>. ip*>2|siiifeffyj4. es^B^r^tai 

i:S-Sga5T'5^^S«^TJ)-6. «^0f«. Ti -N 

i^-&^*^'?>^l.^^g«3 0//m, rJ'fyUi'l^* 1 0 
0 mcr)mmMm!t<r)^mb SVS 3 0 4^h^j:^ 

iiffi^j(=*3v^T, ±ie^ao^*^i s-ctfcv^THSfi 

5iffiHj3 OmTo r rCOMo (CO) 6 TvUfeL. 


»:V^T\ ;0^^®{=fcV^T^:g.3!!^'2 3 8nm, U- 
■r^-N-V-*^' 7 m Wc7)5i^^ir|.||^_-f 5- 2 0 ^i-^rajf U 

[0016] *l|BJ<0«-^^rffil±. -JRW5r«-&::^i: 
LXmm-th Ztti^X'^ lifi. mMzi^-k^K^^&i}^ 

■^ifmx'ii.. ^mzx »)m-^mh<7ix\ m-^mmim 

[0017} 

[ ^Hj<7)s&^ ] tLLo J: ^ i,z:^wM<om-^y:mi . wm 
!f c vDm<r>mmx'mm^mmm:fj s: . si/h^c 

■^yu-^zXThht-^h. 1^1.mzii\^xmWj:i^l,zX 

iZb<.zX'>X.^i^\z^*j:oZt1f^t&f^j: 
$<?>tc»i:. m-^-thSi^t:^m-i:itl,zX'>X. 
Xr)-mSSS.X'±mff)imi. L*>L-CJ:0SiST-tg-&Sr4f 
^r^ ZttfiX-^ « . fi!-5T, mm3i--:*^-JaTO-7-f ^ 

[01 ] *%Bj<7)gj^:fi^^3|[^LTX?-r— f;KC|giS 

[02] *?|SH<0«^^rftS-®ffl-ri.;<;f—T-/Hctgi!l 
gffl®«S:#-^-ri> t ^OfliJcoaiiifeiO^llT'S).!. . 

1 j^ieitss^t 

2 mm:2.--y\~ 

3 a imLtz^m 

4 '^U-f-i^i^ 


(5) 
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mi] 

1 2 aa 


2 a 



2b 4 

2 ^ h 

3 a itIK L 

4 A/ X *^ 

[[121 



{72)56HB* jEA 


